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Abstract 
Amongst children, spending time in nature plays an important role in establishing a desire to 
protect the environment, however may be dependent on the development of a connection towards 
the nature they spend time in. As a result of increased urbanisation, children are becoming 
increasingly distant from nature—both physically and cognitively. Therefore, future global 
conservation may be reliant on children forming meaningful connections to nature as a result of 
outdoor engagement. Given the importance of early role models, and extensive time spent in 
educational settings, teachers may also play an important part in developing this connection to 
nature in children. Using survey responses from 352 Australian primary school students, mediation 
analysis was used to determine if nature connection is an underlying mechanism in the relationship 
between spending time outdoors and pro-environmental behaviours. Further, within a sub-sample 
of 62 students and 44 teachers, we explored whether the level of teacher nature connectedness acts 
as a moderator of this mediation relationship. The results showed that developing a connection to 
nature partially mediated a relationship between spending time in nature and pro-environmental 
behaviours. Despite teacher nature connection predicting child connectedness, the smaller model 
was not able to replicate the initial mediation pathway. Early connection to nature as a consequence 
of time spent outdoors appears to play an important role in promoting pro-environmental behaviour 
in children. These results have important implications for global conservation, and suggest that the 
education setting may provide a convenient context for meaningful nature experiences to be 
fostered.  
Keywords:  nature, connectedness, pro-environmental behaviours, environment.  
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The Impact of Time Outdoors on Pro-Environmental Behaviours as a Function of Child 
and Teacher Connectedness to Nature 
Background  
According to data collected by the United Nations Population Division (2020), more than 
half (55%) of the earth’s population live in urban areas—a number that is expected to increase 
with population growth. As a result of urbanisation, people are spending less time in nature, with 
estimates suggesting the average person spends around 90% of their time indoors (Klepeis et al., 
2001). Unfortunately, this trend appears to be more apparent for today’s children who spend less 
time outdoors than their parents did (Clements, 2004; Soga & Gaston, 2016). An anthropocentric 
view suggests humans are the most important living thing on the planet and nature is simply a 
resource to further human development (Karataş, 2016). This notion only serves to encourage the 
idea that nature is a resource that serves human development, driving a sense of disconnect from 
the natural world (Frantz et al., 2005; Kidner, 2001). As a consequence, humans are the main 
contributing factor to continuing environmental degradation—particularly within the last 50 
years. We have now had a significant impact on 75% of the world’s land surface and 66% of the 
ocean, which has led to an overwhelming decline in biodiversity and natural ecosystems (IPBES, 
2019). However, in order to support the current rate of development without exhausting natural 
resources, humans require a fundamental shift in attitude towards a more eco-centric mind-set, 
where all aspects of the environment are deemed to have value and none is more important than 
the other (Folke et al., 2011; Karataş, 2016; Steffen et al., 2011). The term “extinction of 
experience” used by Robert Pyle (2003) describes how physical distance from nature can lead to 
increasing emotional and cognitive disconnect. Therefore, it is important to be aware of avenues 
to increase positive ecological attitudes and behaviours in order to promote sustainability. 
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Studies have confirmed that spending time in and connecting to nature is critical for developing 
positive attitudes and concern for the environment and is also a predictor of pro-environmental 
behaviours (Brehm et al., 2013; Soga & Gaston, 2016; Vaske & Kobrin, 2001; Whitburn et al., 
2019). Pro-environmental behaviour refers to any action that aims to reduce an individual’s 
negative impact on the environment (Kollmuss & Agyeman, 2002). Louv (2005) uses the term 
“nature-deficit disorder”, not as a clinically diagnosable medical condition, but as a name for the 
growing gap between young people and the environment. Louv’s concern is for the future of 
conservation—if children have no connection to nature, we face the decline of future 
environmental awareness and sustainable behaviours. The challenge we face now is how to 
create an underlying connection to nature in children which will lead to more pro-environmental 
behaviours.  
The Importance of Childhood Experiences  
As the future of environmental sustainability, it is important to understand what connects 
children to nature and how we can better integrate this into the education system. There is 
evidence that points to the importance of childhood experiences in developing ecological 
attitudes. For example, adults with pro-environmental attitudes and behaviours were more likely 
to have participated in activities such as camping or hiking before the age of 11 (Wells & Lekies, 
2006). Similarly, programs aimed to increase affinity for nature have consistently been more 
successful in doing so with younger participants (Ernst & Theimer, 2011; Leifländer et al., 
2013). People who have chosen to work in the outdoor industry report an adult in their life who 
acted as a ‘catalyst’ and inspired their love of nature as a child (Huynh & Torquati, 2019). 
Similarly, Chawla (2007) found that environmentalists listed childhood experiences and role 
models as significant influences on their environmental attitudes. Chawla determined that 
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significant adults, such as parents and teachers, encourage children’s interest in several ways: 
showing care for nature, discouraging poor environmental behaviour, and through their own 
enjoyment and interest in nature. This supports Bandura’s (1977) social learning theory which 
suggests that modelling is an effective way of teaching children who observe behaviours and 
attitudes of an older individual. Kharod and Arreguín-Anderson (2018) observed that children’s 
affinity to nature can be mediated by other children and adults who demonstrate curiosity and 
care for the environment. Their study followed the journey of a pre-schooler named Ava as she 
moved from initially fearful reactions to nature to a more caring and curious enjoyment of 
nature. By witnessing others display wonder and empathy for nature children can learn to enjoy, 
be empathetic and develop a connection to nature, even with little prior experience in nature 
(Kharod & Arreguín-Anderson, 2018). 
For many young people, either parent interest in outdoor experiences is low or their 
parents do not have the time to spend outdoors with them, and so experiences in childhood 
instead come from teachers or involvement in groups like Scouts (Clements, 2004; Lovelock et 
al., 2016; McFarland et al., 2014). Sociocultural factors also influence parents’ attitudes towards 
their child’s time in nature, for example Danish parents are more likely to emphasise the 
importance of nature and encourage their kids to spend more time in nature than American 
parents (Vandermaas-Peeler et al., 2019). Children spend a significant amount of their childhood 
at school—roughly 11,000 hours of primary and secondary school for Australian children 
(OECD, 2019). Yet there is little research about the relationship between teacher’s attitudes and 
student’s connection to nature considering this critical time for developing positive 
environmental attitudes and behaviours (Chawla, 2007; Wells & Lekies, 2006). We do know that 
having a role model can influence responsible behaviours and lead to more positive academic 
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outcomes (Stern et al., 2018), and that active teacher engagement can increase student interest in 
environmental issues (Stern et al., 2008). Teachers can also positively influence important factors 
for success such as self-efficacy and increase goal directed thinking amongst their students by 
providing a safe and supportive environment (Blazar & Kraft, 2017; Pianta & Hamre, 2009). 
However, when it comes to environmental education and spending time outdoors, many teachers 
base the decision to incorporate these activities into their curriculum based on their own 
experiences and attitudes (Bilton, 2020). If teachers have previous positive experiences in nature 
from their own childhood and have developed a strong connection to nature, then as teachers 
their behaviour is likely to be reflective of these values. Therefore, given the importance of role 
models on developing children’s attitudes towards pro-environmental behaviours, we see a 
unique opportunity to explore if teacher attitudes to nature translate into an increase in the level 
of their students’ connectedness to nature. This is an important interaction to explore because if 
teachers are shown to have a meaningful influence over their student’s connection to nature then 
this may be a significant opportunity to help foster and develop children’s positive environmental 
attitudes and behaviours.  
Connectedness to Nature 
Connectedness to nature has been defined as “the extent to which an individual includes 
nature within his/her cognitive representation of self” (Schultz, 2002, p. 67).  Connectedness to 
nature encompasses the cognitive, affective and behavioural aspects of an individual’s nature 
relatedness or affinity to nature. Here, connectedness to nature is broadly defined as the extent to 
which an individual’s self-schema overlaps with the natural environment. Namely, individuals 
who include nature as a part of their identity have a self-schema that overlaps with nature 
(Schultz, 2002).  Nature connectedness has been found to predict a range of positive outcomes in 
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children, including better well-being (Barton et al., 2016; Capaldi et al., 2014; Harvey et al., 
2020; Whitten et al., 2018). In addition, there has consistently been a positive relationship found 
between nature connectedness and pro-environmental behaviours (Tam, 2013). Schultz (2002) 
uses the three components: connectedness, caring and commitment to explain the relationship 
between humans and the environment. It is suggested that a commitment to protecting nature 
cannot occur without a connection to nature, and it can only occur if we truly care about the 
environment. In this case, caring for the environment refers more to the emotional affinity for 
nature aspect of connectedness. This is supported by Ives et al. (2018) who suggest that both 
cognitive (inner) connections and experience (outer) connections are required if transformative 
change is to occur. Giusti et al. (2018) best describes this relationship as being in nature (comfort 
and curiosity), being with nature (education and time in nature) and being for nature (pro-
environmental behaviours). As such, for children a connection to nature will only develop over 
time where they first feel a sense of comfort from being in nature which then grows to a general 
curiosity about nature (Giusti et al., 2018). Only after they have developed their sense of being in 
and with nature can they start to develop a desire to be for nature. As such, connectedness to 
nature is the fundamental underlying mechanism, acting as a catalyst for the development of 
environmentally sustainable behaviours as a result of spending time in and enjoying nature.  
The biophilia hypothesis claims that well-being improves as we strengthen our 
connection to nature because humans have an innate desire to connect with nature—a remnant of 
an evolutionary need to understand the environment for survival (Kellert & Wilson, 1993). Given 
the evolutionary propensity towards an affinity for nature and its importance in committing to 
care for the environment, nature connectedness is likely to be an integral part of developing a 
more eco-centric view of the world. Therefore, it is important to understand how we can utilise 
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this to encourage more positive environmental attitudes and behaviours. Sensory nature 
experiences are an important part of the development of a connection to nature because they aid 
in the development of long-lasting memories (Beery & Jørgensen, 2018), which may play an 
important part in inciting environmental epiphanies. Environmental epiphanies are described as 
an intense and meaningful emotional experience in nature, and could play a role in the 
emergence of nature connection by creating a fundamental shift in the meaning of an individual’s 
relationship to nature (Vining & Merrick, 2012). We know that many environmentalists list 
important childhood experiences as one of the most significant influences on their affinity for 
nature (Chawla, 1999; 2007). However, these studies use retrospective accounts of childhood 
nature experiences and therefore cannot determine if the events are what led to a strong 
connection to nature or if these events are simply salient memories that the participants attribute 
the development of their passion for nature to. Consequently, the same could then be said for 
environmental epiphanies—do children really experience them or are salient nature experiences 
misconstrued as environment epiphanies in adulthood? Nevertheless, there appears to be a strong 
link between nature experiences and creating impactful memories. Therefore, if we are to see a 
profound shift in the way young people view nature, we need to allow them to spend time in 
nature in order to create opportunities for them to have meaningful experiences and develop a 
connection to nature.   
Time Spent in Nature 
Exposure to nature increases connectedness to nature. For children, taking part in hands 
on nature activities results in more empathy and concern for nature, leading to an overall increase 
in connectedness to nature (Barthel et al., 2018). There are several possible explanations for the 
benefits of direct experience in nature over indirect. Children can apply and develop their 
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environmental knowledge through hands on exploration, and they can take time to become more 
at ease within their surroundings (Kharod & Arreguín-Anderson, 2018). A successful ‘hands on’ 
program in Sweden that has proven long term effects is the Salamander Project, where groups of 
students save salamanders and learn about conservation issues affecting them (Barthel et al., 
2018). There appears to be two main reasons for the success of this program. First, the children 
reported a sense of responsibility and pride from looking after the species. Second, they enjoyed 
being part of an important project which strengthened their connection, empathy and concern for 
nature (Barthel et al., 2018). Environmental education programs more broadly have also been 
shown to be effective tools for increasing connectedness to nature in primary school aged 
students (Ernst & Theimer, 2011). However, in order for these programs to lead to meaningful 
nature experiences for children they should be thought provoking, entertaining and inspiring to 
encourage children’s natural curiosity (Giusti et al., 2018).  
Children do not necessarily have to spend time directly interacting with nature to form 
connectedness. Learning about nature within a classroom has also been shown to have positive 
effects (Ernst & Theimer, 2011). Similarly, a creative art contest where students were encouraged 
to use nature as inspiration proved to increase implicit connectedness to nature (Bruni et al., 
2017). One advantage of this approach is that by using implicit tests researchers can better avoid 
social desirability bias which can potentially influence participant responses. Similarly, spending 
time in a natural history museum was shown to increase implicit nature connectedness, but only 
for students who did not already have a strong level of connection (Bruni et al., 2018). Despite 
such effects for indirect nature interaction, the positive impact of affect and nature connectedness 
appears to be greatest for those who spend time directly in nature (Mayer et al., 2009). Indeed, 
some indirect nature experiences, such as watching a nature documentary, have been found to be 
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insufficiently engaging to increase individual’s connectedness to nature (Arendt & Matthes, 
2016).  
The timing of engagement is also important.  Experience before age 11 is again posited to 
be a critical time for longer lasting and more impactful experiences to develop and foster a 
connection to nature (Leifländer et al., 2013; Wells & Lekies, 2006). Harvey et al. (2020) showed 
that increases in connectedness to nature and positive affect can be sustained over the school year 
with regular education sessions. Time spent in nature during childhood appears to nurture a sense 
of connectedness to the environment that endures throughout childhood and into adulthood 
(Ewert et al., 2005; Huynh & Torquati, 2019; Rosa et al., 2019; Soga & Gaston, 2016). Further, 
time spent in nature-based activities as a child is related to a higher sense of environmental 
stewardship and in turn, is more likely to result in pro-environmental behaviours in adulthood 
(Asah et al., 2018; Chawla, 2007). If significant and meaningful nature experiences occur before 
the age of 11 it is more likely that they will have a more profound influence over future 
environmental attitudes (Wells & Lekies, 2006). However, connection to nature requires more 
than one or two emotionally significant experiences in nature to develop; rather it is the 
summation of multiple experiences and exposure to the attitudes of others (Molinario et al., 
2020). Additionally, sensory rich, hands on learning experiences seem to have particularly strong 
effects on children’s enjoyment of nature in developing empathy and a sense of stewardship for 
the environment (Barthel et al., 2018).   
Overall, it appears that early active engagement, participation and enjoyment with 
programs, whether directly or indirectly interacting with nature, are the crucial factors for 
increasing children’s connectedness to nature (Ernst & Theimer, 2011; Harvey et al., 2020; 
Mayer et al., 2009). While nature connectedness may provide a number of direct benefits to the 
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individual, how it might promote pro-environmental behaviour is an important further 
consideration in an attempt to both conserve and promote care for nature. 
Pro-Environmental Behaviours 
The connection to nature that extends from spending time interacting with it is associated 
with a desire to also protect nature (Whitburn et al., 2019).  In other words, because of the 
formation of a connection with nature, there is a sense of stewardship and a desire to conserve 
and protect—a factor that should not be overlooked for future environmental conservation 
efforts. Indeed, the connection formed through spending time in nature, and possibly the specific 
place meaning that develops as part of a connection to nature, are shown to predict sustainable 
behaviours (Brehm et al., 2013; Vaske & Kobrin, 2001). Brehm et al. (2013, p. 533) concluded 
that people are more likely to protect places of meaning to them due to the ‘inclusion of self and 
nature rather than just an emotional response’, showing the importance of both the cognitive and 
emotional aspects of individual connection to nature (Schulz, 2002). Similarly, Identity Theory 
suggests that behaviour is guided by meanings within one’s identity of self (Stets & Biga, 2003). 
The same theory also proposes a feedback loop where an individual’s sense of self can be 
reinforced from the feedback that they receive from others. If this is the case, children’s nature 
connectedness and their view of themselves within nature may be strengthened by role models, 
particularly if the role model has an affinity for nature and provides positive reinforcement 
(Chawla, 2007). The combination of experience, affect and role models has been proposed to 
“precondition” pro-environmental attitudes and actions in adulthood (Ewert et al., 2005). Further, 
environmental attitudes, values and behaviours are consolidated during mid-late childhood or 
otherwise experience a sharp decline in later adolescent years (Otto et al., 2019). Given this, it is 
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all the more important to develop positive attitudes towards environmentally sustainable 
behaviours from an early age.  
A final consideration with regards to the impact of time in nature on pro-environmental 
behaviour concerns the duration of experiences.  Shwartz et al. (2012) found that shorter 
participation in nature activities can increase knowledge and awareness but not necessarily lead 
to environmental actions. Other studies have found that extended time spent in and learning 
about nature can lead to more pro-environmental behaviours (Collado et al., 2013; Martin et al., 
2020). Further, there is evidence that nature experiences that last for several days lead to greater 
conservation intentions in children (Collado et al., 2013; Stern et al., 2008). Despite a possible 
effect of duration, many children feel that even with a developed desire to protect the 
environment they still do not engage in pro-environmental behaviours or feel that if they did it 
would not make a meaningful difference (Fien et al., 2002). As such, it remains important to 
investigate the factors which best ensure experience in nature translates into enduring 
environmental attitudes and effective environmental behaviour. 
The Current Study 
Taken together, time in nature, children’s connection to nature and teacher connectedness 
to nature all play an important part in promoting sustainable actions, however their influence 
over the environmentally sustainable actions of children is not clear. Therefore, the current study 
has two main aims: (1) to explore whether children’s connectedness to nature mediates the 
relationship between amount of time spent in nature and pro-environmental behaviours; (2) to 
determine if teacher connectedness to nature emerges as a moderator of the mediation 
relationship between time in nature and pro-environmental behaviours. We propose two models 
to demonstrate this relationship—a mediation model (see Figure 1) where time spend in nature 
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(X) leads to pro-environmental behaviours (Y) as a result of children’s increased connection to 
nature (M), and a moderated mediation model (see Figure 2) where the mediation relationship is 
moderated by teacher connectedness to nature (W). Therefore, we propose the following 
hypotheses. Time spent in nature will be positively associated with children’s connectedness to 
nature (H1). Children’s connectedness to nature will be positively associated with pro-
environmental behaviours (PEB) (H2). The relationship between time in nature and pro-
environmental behaviours will be partially mediated by level of children’s nature connectedness 
(H3). Teacher connectedness to nature will moderate the mediation of time in nature on pro-
environmental behaviour by a child’s connection to nature. Specifically, higher levels of teacher 
connectedness to nature will act to strengthen the children’s connection to nature (H4).  
Figure 1 
The proposed mediation model 
Figure 2 










Based on effects reported for the association between nature connectedness and pro-
environmental behaviours in Australian children (Keith et al., 2021), power analysis using 
G*Power (Erdfelder, Faul and Buchner, 1996) suggested a sample of 31-68 children would be 
adequate to detect a medium (d = 0.5) to large (d = 0.8) effect using the two predictor variables 
in the planned mediation analysis, power = 0.8, alpha = 0.05. The estimated sample for a model 
with three predictors was 36-77 in order to detect a medium to large effect in the moderated 
mediation analysis. 
A total of 367 students completed the survey. Two participants did not complete the entire 
survey so were excluded from the final sample and 13 were excluded as they fell outside the age 
range for the study (4-12 years). The final sample consisted of 352 participants (167 Males, 181 
Females and 4 who preferred not to say) with an age range of 4–12 years (M = 7.63, SD = 2.16). 
Within this sample, 247 (70%) of the participants were from lower primary (kindergarten – grade 
3) and 105 (29.7%) from upper primary (grade 4 to grade 6). The final sample included 
participants from New South Wales (13.1%), Northern Territory (1.1%), Queensland (15.3%), 
South Australia (49.1%), Tasmania (2.8%), Victoria (14.2%) and Western Australia (4.3%). 
Students came from around 163 different public schools, private schools, Montessori schools and 
home schools.  
For the secondary analysis, we collected responses from 66 teachers however 22 were 
excluded as there was no corresponding student survey responses. For this sub-sample a further 
two of the students were excluded as they fell outside of the age range. The final sample 
consisted of 44 teachers (100% female) with corresponding responses from 62 students (33 
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females, 28 males and 1 who preferred not to say) with and age range of 4-12 years (M = 6.77, 
SD = 2.23). In this sample, 53 (85.5%) of the students were from lower primary and 9 (14.5%) 
from upper primary. This sample included participants from New South Wales (21%), Northern 
Territory (4.8%), Queensland (30.6%), Victoria (41.9%) and Western Australia (1.6%). There 
was no survey data from teachers with corresponding student data from South Australia or 
Tasmania in this sub-sample.  
Procedure  
In 2020 approximately 4000 resource boxes were sent to schools around Australia as part 
of the Jane Goodall Institute Australia (JGIA) Roots and Shoots Resource Box for Schools 
program.  Schools registered online to receive a free resource box which included educational 
resources for teachers and students about nature and current environmental issues which aimed 
to promote education for sustainability. Each school received a unique code to access optional 
surveys and were asked to complete the survey prior to beginning the program and again three 
weeks after the completion of the program. Due to time restraints the current study utilised 
preliminary baseline survey data only.  
Measures  
Two different surveys were sent to each school—one for children and one for the 
teachers. The survey for children included demographic questions (e.g., age, gender and year 
level), self-report measures of their connectedness to nature, time spent in nature and their level 
of engagement in pro-environmental behaviours. The survey for teachers included demographic 
questions and a measure of their overall level of connectedness to nature. All surveys were 
completed using a dedicated survey platform (https://resourceboxsurvey.com.au/) managed by 
Resilient Youth Australia. The different measures are described in further detail below.  
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Socio-Economic Conditions 
 Socio-economic conditions for the students was measured using the Australian Bureau of 
Statistics (ABS, 2016) Socio-Economic Indexes for Areas (SEIFA) report. We used the postcode 
of the student’s school to determine their Index of Relative Socio-economic Advantage and 
Disadvantage (IRSAD) decile. Deciles ranking of IRSAD scores were used in the current study 
(i.e. ranging from 1-10) where a lower decile indicates greater socio-economic disadvantage, and 
a higher decile indicates greater advantage.  
Teacher Connectedness to Nature Scale 
 Teacher’s level of connectedness to nature (moderator variable) was measured using the 
Connectedness to Nature Scale (Mayer & Frantz, 2004, 𝛼𝛼 = .84). The Connectedness to Nature 
Scale is a 14-item survey where participants are asked to think about the way you generally feel 
when answering the questions. The items aim to measure an individual’s levels “of feeling of 
emotionally connectedness to the natural world” (Mayer & Frantz, 2004, p. 503). Questions 
include items such as “I often feel a sense of oneness with the natural world around me” and “I 
often feel a kinship with animals and plants”. Three items (4, 12 and 14) were reverse coded 
(e.g., “my personal welfare is independent of the welfare of the natural world”), such that a 
higher item scores correspond to higher connectedness to nature on all items. In the original 
survey, there are five possible responses for each question ranging from 1 = strongly disagree to 
5 = strongly agree. The current study utilized a 4-point scale survey with the neutral option 3 = 
neither agree nor disagree option omitted from the survey. Each participants final score was the 
average of the 14-items where a higher score meant a stronger connection to nature.  
Connection to Nature Index 
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  The children’s level of connectedness to nature was measured using a questionnaire 
based on items from the 14-item Connection to Nature Index (CNI) (Cheng & Monroe, 2012, 𝛼𝛼 
= .87) however the wording of the items was changed to suit the age level and relevancy to the 
current study. The upper primary students completed a 13-item survey with three possible 
responses where 1 = hardly ever, 2 = sometimes and 3 = always. These two items “my actions 
will make the natural world different” and “people do not have the right to change the natural 
environment” from the CNI were removed because they were deemed to not be conceptually 
appropriate for the age level of the participants. The lower primary students were given a 
modified 11-item survey where the response options were simplified to 1 = yes, 2 = sometimes 
and 3 = no. The two items left out of the lower primary survey were “I feel that I am part of 
nature” and “I don’t think that we can live without plants and animals” due to the perceived 
conceptual difficulty for young children to understand these concepts. The CNI item “when I feel 
sad, I like to go outside and enjoy nature” was reworded in a positive tone to “I like playing 
outside” in order to focus on general feelings and behaviours and to avoid eliciting emotional 
memories. Other items were reworded to reflect the participant’s feelings of themselves rather 
than their feelings about others (e.g., “humans are part of the natural world” was changed to “I 
feel that I am part of nature”). A full list of items for both upper and lower primary students, as 
well as the original CNI items, are provided in Appendix 1 & 2. 
Time in Nature and Pro-Environmental Behaviours 
  The predictor variable (time in nature) and the outcome variable (pro-environmental 
behaviour) were both measured within the same survey. Both the Children’s Connectedness to 
Nature Scale and the Connection to Nature Index pertain more to cognitive and emotional 
connections and therefore did not include items relating directly to the amount of time spent in 
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nature (Cheng & Monroe, 2012; Mayer & Frantz, 2004). Consequently, the items measuring 
time in nature were customised and worded appropriately to a primary school level of reading 
and comprehension. The two items related to amount of time spent in nature included “I play 
outdoors when at home” and “I play outdoors when I’m here” (“here” meaning at school). The 
survey included 6-items relating to the individual’s sense of responsibility for the environment in 
terms of their pro-environmental behaviours. The “my actions will make the natural world 
different”, “picking up trash on the ground can help the environment” and “take care of animals 
and plants” items from the Connection to Nature Index relate more to an individual’s belief 
about the effect of their actions (Cheng & Monroe, 2012). Therefore, the items were modified to 
“I do things to help nature”, “I pick up rubbish” and “I try not to hurt plants and animals” in 
order to capture explicit behaviours, rather than a belief only. The other three items relating to 
pro-environmental behaviours were a logical extension of the previous questions including items 
like “I try not to waste water”. The items were realistic in terms of pro-environmental behaviours 
available for children and were developed to align with the sustainability priority determined by 
the Australian Curriculum, Assessment and Reporting Authority (ACARA, 2021). Participants 
were able to choose from three possible responses ranging from 1 = always to 2 = sometimes and 
3 = hardly ever. There was no neutral response option included.  
Ethical Considerations 
Ethics approval was given by the University of Adelaide’s Human Research Ethics 
Committee. Passive consent was provided, whereby an information letter was provided to 
schools to distribute to parents, and parents were able to opt-out of their child responding to the 
survey. The survey was completely anonymous, and each school was assigned a code required 
for completion of the survey in order to maintain confidentiality. Participation in the program 
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was voluntary and was not a condition of schools receiving the resource box. Survey questions 
were mostly framed in a positive way to assess overall feelings and behaviours in order to avoid 
feelings of distress. The researchers had no contact with the children and surveys were 
administered by teachers who similarly chose to participate in the program.  
Statistical Analysis  
Descriptive statistics were obtained for the sample demographics in the current study 
using SPSS version 27. For both the mediation analysis and the moderated mediation analysis, 
the variables of interest are required to have some association which was determined using 
bivariate Pearson correlation analysis. To test the mediation analysis and the moderated 
mediation analysis, we utilised the PROCESS macro (version 4) using Models 4 and 7 
respectively (Hayes, 2018). A mediation effect is present when a predictor variable’s effect on 
the outcome variable occurs via a mediating variable. For the mediation analysis, time spent in 
nature was the predictor (X), pro-environmental behaviours the outcome variable (Y) and nature 
connectedness was the mediator (M). For the moderated mediation analysis teacher 
connectedness to nature was the moderator variable (W). A 95% bootstrap confidence interval of 
the indirect effects of the mediation analysis was calculated using 5000 bootstrap samples 
(Hayes, 2018).  
  




Means, standard deviations, ranges and medians of the variables and covariates measured 
in the primary mediation analysis (N = 365) are reported in Table 1, and for the moderated 
mediation analysis (N = 62) in Table 2.  
Table 1 
Means and standard deviations of variables in the mediation analysis 
 M R SD Mdn 
Time Spent in Nature (TIN) 
2.63 2.00 .45 3.00 
Children’s Connectedness to Nature (CNI) 
2.73 2.00 .32 2.82 
Pro-Environmental Behaviours (PEB) 
2.54 2.00 .41 2.60 
IRSAD Decile 
6.12 9.00 2.11 7.00 
Age 
7.63 8.00 2.16 7.00 
Note. N = 352; M = mean; SD = standard deviation; R = range, Mdn = Median 
 
For the primary analysis, observation of a Q-Q plots suggested a normal distribution for 
the socio-economic conditions variable (IRSAD), though it centred around a slightly higher than 
average mean. Time spent in nature (TIN), children’s connectedness to nature (CNI) and pro-
environmental behaviours (PEB) were found to be negatively skewed. A Box-Cox transformation 
was used to reduce the skew of each distribution. After data transformation, the skewness and 
kurtosis for all three variables significantly improved and approach normality: TIN (skewness = -
1.022, kurtosis = 0.542), CNI (skewness = -1.431, kurtosis = 1.881) and PEB (skewness = -
1.072, kurtosis = 1.344). Following transformation, a greater score was reflective of higher 
values for each measure.  
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Table 2 
Means and standard deviations of variables in the moderated mediation analysis 
 M R SD Mdn 
Time Spent in Nature (TIN) 2.74 2.00 .43 3.00 
Children’s Connectedness to Nature (CNI) 2.85 1.09 .23 2.92 
Pro-Environmental Behaviours (PEB) 2.47 1.80 .43 2.60 
Teacher Connection to Nature (TCN) 3.04 1.46 .37 2.88 
IRSAD Decile 5.47 9 2.62 5.00 
Age 6.77 8 2.23 7.00 
Note. N = 62; M = mean; SD = standard deviation; R = range, Mdn = Median 
 
For the moderated mediation model, a Box-Cox transformation was used to reduce the 
skewness of TIN (skewness = -1.764, kurtosis = 3.174), CNI (skewness = -2.247, kurtosis = 
5.972), PEB (skewness = -1.111, kurtosis = 1.265) and TCN (skewness = 0.715, kurtosis = -
0.543). Transformed data significantly improved the distribution for all variables, with teacher 
connectedness to nature fitting a normal distribution. However, despite the improvement the 
remaining variables still showed some departure from a Gaussian distribution.  
Correlations Between Variables  
The bivariate correlations between the variables used in the primary mediation analysis 
are summarised in Table 3. Participant age was significantly, negatively correlated with both time 
spent in nature and children’s connection to nature, meaning that older students tended to spend 
less time in nature. Socio-economic conditions was also shown to have a significant negative 
correlation with connection to nature. Both age and socio-economic conditions were 
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subsequently added as covariates for the mediation analysis. Importantly for the mediation 
analysis, pro-environmental behaviours were significantly and positively correlated with 
connection to nature and time in nature. As predicted, there was also a significant positive 
correlation between connection to nature and time in nature. The bivariate correlations for three 
variables in the mediation analysis were of the same direction and of a similar magnitude.  
Table 3 
Correlations between variables for the mediation analysis 
 1 2 3 4 5 
1. Age 
1.00     
2. Time in Nature (TIN) 
-.26** 1.00    
3. Connection to Nature (CNI) 
-.18** .40** 1.00   
4. Pro-Environmental Behaviours (PEB) 
.14* .29** .46** 1.00  
5. IRSAD Decile 
.04 -.09 -.16** -.05 1.00 
Note. *p < .05, **p < .001 
 
The bivariate correlations for the variables in the moderated mediation analysis are 
summarised in Table 4. There was a significant negative correlation between age and time spent 
in nature meaning that older children tended to spend less time outdoors. Connection to nature 
was significantly and positively associated with time in nature, and pro-environmental 
behaviours was significantly and positively associated with both time in nature and connection to 
nature. Teacher connectedness to nature was positively associated with pro-environmental 
behaviours, meaning that having a teacher with strong connection to nature was associated with 
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more environmentally sustainable actions amongst students. Teacher connectedness to nature 
was also positively associated with socio-economic conditions which could indicate a possible 
bidirectional relationship between the teachers’ level of connection to nature and the amount of 
accessible greenspace.  
 
Table 4 
Correlations between variables for the moderated mediation analysis 
 1 2 3 4 5 6 
1. Age 
1.00      
2. Time in Nature (TIN) 
-.33** 1.00     
3. Connection to Nature (CNI) 
-.03 .45** 1.00    
4. Pro-Environmental Behaviours (PEB) 
.15 .30* .52** 1.00   
5. Teacher Connection to Nature (TCN) 
.10 -.06 .12 .41** 1.00  
6. IRSAD Decile 
.04 .20 .16 .18 .28* 1.00 
Note. *p < .05, **p < .001 
 
Testing the Mediation Model 
A simple mediation was conducted using PROCESS model 4 to assess if connection to 
nature served as a mediator between time in nature and pro-environmental behaviours. Age and 
socio-economic conditions were included as covariates in this model. The results for this are 
summarised in Table 5 and Figure 3.  Overall, the model was a significant predictor, explaining 
28.5% of the variance of pro-environmental behaviours (F (4, 347) = 34.6, p <.001). Time in 
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nature directly and significantly predicted pro-environmental behaviour when excluding the 
mediator (B = .34, t (348) = 6.56, p < .001). The results showed that time in nature is also a 
significant predictor of the connection to nature (B = .37, t (348) = 7.26, p < .001). The evidence 
supports the proposed model, that time in nature indirectly predicts pro-environmental 
behaviours via mediation by connection to nature. A bootstrap confidence interval for the indirect 
effect (B = 0.160) based on 5000 bootstrap samples was above zero (95% CI 0.1026, 0.2261). 
Given that the direct effect of time in nature on pro-environmental behaviours is still significant 
when including the mediator (95% CI 0.082, 0.281) we can conclude that partial (rather than 
full) mediation has occurred.  
Table 5 
Model coefficients for the mediation analysis 
 M (CNI) Y (PEB) 
Coeff 
SE p  Coeff SE p 
 X (TIN) 
a .37 .23 < .001 c' .18 .05 < .001 
M (CNI) 
 - -  b .44 .05 < .001 
constant 
iM .64 .23 < .01 iY 
-1.00 
.22 < .001 
 
R2 = 0.18 
F = (3, 348), p < .001 
R2 = 0.29 
F = (4, 347), p < .001 
Note. N = 352 
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Figure 3 
Total direct and indirect effects of time in nature on pro-environmental behaviours. **p < .001 
 
 
Testing the Moderated Mediation Relationship  
Within the sub-sample of students (N = 62), teacher connectedness to nature was added as 
a moderating variable to assess how varying levels of teacher connectedness to nature would 
influence the mediation relationship between time in nature and pro-environmental behaviours 
via student connection to nature (see Figure 3). The results of the moderated mediation analysis 
are presented in Figure 4. Overall, the model was a significant predictor, explaining 27.7% of the 
variance of pro-environmental behaviours (F(2, 59) = 11.32, p<.001). Even with the presence of 
the moderator variable in this analysis, time in nature was still a significant predictor of 
connection to nature (B = 1.102, t (58) = 3.95, p < .001), meaning that more time spent in nature 
predicts a greater connection to nature. However, the interaction effect was not significant in this 
model (B = -0.115, t (58) = -0.449, p = 0.655) meaning that teacher connection to nature was not 
found to moderate the relationship. In contrast to the first model, results showed that for the 
smaller sample the c’ path was not significant - that time in nature was not a direct significant 
predictor of pro-environmental behaviours when connectedness to nature was included in the 
model (B = 0.181, t (59) = 0.531, p = 0.531). However, both the a path (B = 1.102, t (58) = 
CNI (M) 
PEB (Y) TIN (X) 
c' = 0.181** 
b = 0.437** a = 0.366** 
c = 0.341** 
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3.951, p < .001) and the b path (B = 0.487, t (59) = 3.922, p < .001) of the model remained 
significant, meaning that more time spent in nature is predictive of a stronger connection to 
nature, and a stronger connection to nature is in turn predictive of a higher likelihood of 
engaging in pro-environmental behaviours. Because the indirect path (c’) was not significant the 
current analysis did not replicate the mediation effect that was found in the primary mediation 
analysis with the larger sample size. Similarly, no moderated mediation was evident given than 
the confidence intervals cross zero (95% CI -0.268, 0.221).  Despite the lack of moderated 
mediation, teacher connectedness to nature was still found to be a significant predictor of student 
connectedness to nature at all levels of teacher connectedness (Table 6). 
Table 6 
The effect of teacher connectedness to nature on student connectedness to nature  
Level of Teacher Connectedness to Nature Effect 
95% Confidence Intervals 
Lower Upper 
low 0.588 0.174 1.448 
average 0.557 0.221 1.382 
high 0.468 0.188 1.280 
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Figure 4 
Indirect effects of time in nature on pro-environmental behaviours when including moderator 
variable. **p < .001, *p < .05 
 
  
a = 1.102** 
Int = -0.115 
b = 0.487** 
CNI (M) 
PEB (Y) TIN (X) 
c' = 0.181 
TCN (W) 
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Discussion 
Summary of Findings 
The purpose of this study was to explore the relationship between time children spend in 
nature, their connectedness to nature, and their pro-environmental behaviours. The secondary 
purpose was to determine if the level of their teacher’s connectedness to nature had any influence 
on the strength of these relationships. As hypothesised, children who spent more time in nature 
tended to have a stronger connection to nature. Consistent with our second prediction, children’s 
connectedness to nature was positively correlated with pro-environmental behaviours. 
Importantly, the results supported our proposed mediation model that the effect of time in nature 
on pro-environmental behaviours was partially mediated by connection to nature. However, in 
contrast to our final prediction, whilst the teacher’s level of connection to nature was a predictor 
of student connection to nature, there was no evidence that teacher connectedness moderated the 
mediation relationship found in children.  
The first prediction was that we would see a positive correlation between the children’s 
time spent in nature and their connection to nature. This was supported by the results, from both 
the full sample and the smaller sub-sample used in the second model, which indicated that the 
more time a child spends in nature, the stronger their connection to nature tends to be. This is 
consistent with Giusti et al. (2018) and their notion of being in and for nature, where children 
must spend time in nature in order to develop a comfort and curiosity which are the basis for an 
early connection to nature. Our results are consistent with past literature that has consistently 
found spending time in nature to be a strong predictor of connection to nature—especially within 
samples of children under the age of 11 and where time spent involve direct contact with the 
natural environment (Ernst & Theimer 2011; Giusti et al., 2014; Mayer et al., 2009).  
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The observed relationship between connection to nature and pro-environmental 
behaviours supports our prediction and is consistent with the literature that has consistently 
found connection to nature to be a robust predictor of pro-environmental behaviours (Chawla & 
Gould, 2020; Giusti 2019; Mackay & Schmitt, 2019). The results also replicate findings from a 
contextually similar Australian sample of urban primary school children in a very recent study 
from Keith et al. (2021). It is clear that developing a connection to nature sees the simultaneous 
development of a care for nature and a desire to protect it. Therefore, having a strong connection 
to nature is likely to result in more conservation behaviours. The results reflect the three 
components proposed by Schultz (2002), that we must first be connected to nature so that we 
then care for nature before we can foster a commitment to protect nature.   
Consistent with results from Otto and Pensini (2017), the results from the mediation 
analysis supported the idea that connection to nature is an important underlying mechanism that 
facilitates the engagement in pro-environmental behaviours as a result of spending time in 
nature. The findings emphasise the significance of the interaction between the three variables in 
developing a sense of stewardship for the environment (Hahn, 2021; Otto & Pensini, 2017). 
After meaningful experiences in nature, it is perhaps the realisation of the importance of nature 
and the inclusion of nature within one’s self-identity that the desire to protect it arises. Again, the 
results support Giusti et al. (2018) and their framework that proposes children must first be in 
and with nature before they can be for nature. This framework was also apparent in the study by 
Barthel et al., (2018), where children learnt to be curious and comfortable with the salamanders 
(in nature), spent time with and developed their knowledge of the species (with nature) and 
developed a desire to protect the animals (for nature).  
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Research exploring the influence of role models on children’s connection to nature has 
largely focused on parents or other significant adults in the children’s lives who have encouraged 
and inspired their affinity for nature (Chawla & Derr 2012; Stern et al., 2018). However, the 
current study emphasised the potential importance of the level of connection to nature of teachers 
and whether this influenced their students’ sense of connection to nature. The results suggested 
that irrespective of level of teacher connection to nature, when students spend more time in 
nature, they tend to have a stronger emotional affinity to nature. Whilst there was no moderating 
effect found, teacher connectedness to nature remained a significant predictor of student 
connection to nature. These findings support suggestions within the literature that significant 
adults can have a meaningful influence over a child’s emotional affinity to nature (Chawla, 1999; 
Huynh & Torquati, 2019). The smaller sample size in the moderated model was a potential factor 
in the non-significant findings, as the mediation effect seen in the larger sample was not present 
within the sub-sample. Another possible explanation is the high mean scores of the children’s 
connectedness to nature that were observed in the sub-sample. This may represent a self-
selection bias where teachers opting to complete the survey were from schools with greater 
nature engagement, and we would consequently not see the full spectrum of the effect of teacher 
connectedness to nature due to the homogeneity of the sample. However, this may also explain 
why teacher connectedness to nature was a significant predictor at all levels of children’s 
connectedness to nature – i.e. teachers were modelling positive nature attitudes and behaviours. 
Despite these potential limitations, we believe that our findings contribute to the importance of 
recognising the influence that teachers can have on their student’s connection to nature and in 
turn, their ecological behaviours and attitudes.  
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Contrary to what we might expect, higher socio-economic conditions were negatively 
associated with time spent in nature. More socio-economically disadvantaged neighbourhoods 
tend have less access to public and private green spaces such as parklands and gardens and as a 
result tend to spend less time in nature (Hunt et al., 2015; Pham et al., 2012). Therefore, we 
would expect children from higher socio-economic conditions to spend more time in nature than 
children from more disadvantaged areas. Having access to green spaces is an important factor in 
encouraging children to engage in nature play in order to develop pro-environmental attitudes 
and behaviours (Alcock et al., 2020; Beery, 2020; Molinario et al., 2020). However, other 
evidence suggests that simply living in close proximity to a greenspace may not be as important 
to pro-environmental behaviours as first thought, rather it is the purposeful action of visiting 
nature spaces that increases an individual’s affinity for nature (Martin et al., 2020). Another 
potential explanation may be the high number of participants that lived within rural areas in the 
current study. Rural areas tend to be classified as more socio-economically disadvantaged, but 
children who live in more rural areas tend to spend more time in nature than their urban 
counterparts (Collado et al., 2015). Conversely, Anderson and Kretternauer (2021) found that 
people living in rural areas tended to demonstrate less pro-environmental behaviours than people 
from urban areas. Whilst they may have some influence, socio-economic conditions may be less 
important than first thought, and highly dependent on other contextual factors. As such, we 
should consider when and how young people utilise nature spaces around them and if the context 
of certain rural areas has an effect. For example, people living in rural areas where logging or 
livestock are the main income sources may have a connection to nature due to frequent contact, 
yet their view of pro-environmental behaviours may differ because their livelihoods rely on 
utilising the natural environment as a commodity.  
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Consistent with past literature, there was a negative association between age and both 
time in nature and connection to nature in the full sample, and with time in nature also in the sub-
sample. As children get older, they spend less time in nature and they feel less connected to 
nature. Though, whether the decrease in nature connectedness is due to the children spending 
less time interacting with nature or due to other external factors is unclear. Studies have 
consistently observed that connection to nature and environmental attitudes tend to decline as 
children reach adolescence—with decline typically beginning between the ages of 10-15 years 
(Keith et al., 2021; Otto et al., 2019; Richardson et al., 2019). Whilst the current study did not 
look at the attitudes and behaviours of children over the age of 12, we can already see the 
beginning of this trend within our sample. There is a number of possible reasons why this decline 
occurs. One reason is that adolescence is a time of life changes and identity formation where 
young people begin to develop a clear and unique view of self and their place in the world 
(Santrock, 2017). During this time, adolescence may lose interest in nature as their priorities 
change (Eames et al., 2018). However, they may return to their pre-adolescent levels of 
connectedness to nature once they have an established sense of their unique identity (Richardson 
et al., 2019), again pointing to the importance of early nature engagement and development of 
connection to the natural environment. Adolescence is also a time of egocentrism where young 
people become more self-conscious with an increased sense of invulnerability and of being “on 
stage”—that their actions are constantly noticed by others (Elklind, 1976). It is perhaps this false 
sense of invulnerability that may lead adolescents to view the environmental crisis as less 
personally meaningful because they feel it is unlikely to affect them. Eames et al. (2018) suggest 
that the dip may be due to this discord adolescents experience between their egocentrism and a 
more eco-centric perspective. Instead, environmental issues serve more as a means to establish 
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autonomy through political activism and group alignment, and exercise developing moral 
reasoning capabilities (Gibbs, 2019; Krettenauer, 2017).  
Another potential reason is that as children reach adolescence, they become more 
independent and therefore have less contact with parents who may have previously influenced 
and encouraged their connection to nature in a context of ongoing identity formation (Leifländer 
et al., 2013). This potentially highlights the added importance of considering other influential 
role models throughout and beyond the child period. Clearly further exploration of the factors 
influencing the dip in child and adolescent nature connectedness and time spent in nature 
presents is warranted. If future research can clarify the reasons as to why this pattern occurs, this 
knowledge will allow targeted development of interventions aimed at either preventing the 
decline from occurring or to reacquaint adolescents with developmentally relevant nature 
connecting engagements.  
Implications 
In terms of theoretical implications, the current study sheds light on the underlying 
mechanisms that influence children’s likelihood of engaging in behaviours that benefit the 
environment. The results add to a growing evidence base emphasising the importance of children 
spending time in nature as a determinant of pro-environmental behaviours (Hahn, 2021; 
Whitburn et al., 2019). Given that these behaviours can endure into adulthood (Asah et al., 2018; 
Rosa et al., 2018) and adult attitudes to nature may prove to be less susceptible to change (Kaiser 
et al., 2014), it is essential to nurture this relationship during childhood. Despite being victims of 
previous generations’ environmental failures, children will be responsible for future 
environmental policies and climate action. Therefore, understanding how we can create future 
agents of change is an important area of research if they are to correct the missteps of the past. 
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Despite the relationship between time in nature, connection to nature and pro-environmental 
behaviours, the direction of these relationships cannot be fully determined by the current cross-
sectional research approach. Research better clarifying the complexities of the interactions 
between these variables, by implementing longitudinal and experimental study designs, will 
assist in building on the results presented here and in determining effective targets for 
interventions and education.  
Despite this limitation, the current study presents implications that are practical and 
applicable within both an educational setting and the home. Past findings have shown that 
children not only enjoy hands-on nature experiences but that these experiences can increase their 
connection to nature and create a sense of environmental stewardship, especially if experiences 
are authentic (Barthel et al., 2018; Kharod & Arreguín-Anderson, 2018). By authentic, Barthel et 
al. suggests that nature experiences should be real or closely resemble real-life nature 
experiences. Authentic hands-on experiences where children are free to explore and direct their 
own interactions with nature tend to offer more chances for meaningful sensory learning 
experiences compared to what we might otherwise see within the classroom (Beery & Jørgensen, 
2018). Therefore, we see an opportunity for the inclusions of authentic, hands-on experiences 
within environmental education programs as a way of developing children’s environmental 
stewardship. By encouraging children to spend time in nature and giving them the freedom to let 
their own curiosity guide their exploration they can create meaningful nature memories. This is 
not to say that this should replace environmental education within the classroom; simply that 
both knowledge and experience are important factors in developing pro-environmental attitudes 
and behaviours.  
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Limitations and Future Research 
As mentioned, due to the correlational design of this study, we are unable to infer 
causation or determine the directionality of the variables. It is possible that rather than time in 
nature increasing connection to nature, children who have a strong connection to nature are 
simply more likely to seek or find ways to spend time there. Nonetheless, we have added to the 
growing list of literature recognising the importance of spending time in nature as a way of 
increasing care for the environment. A recent meta-analysis found that only a few experimental 
studies have been able to infer a causal relationship between spending time in nature and pro-
environmental behaviours—though many of these used only short periods of nature exposure 
(Mackay & Schmitt, 2019). There is evidence that the longer the duration time spent in nature, 
the more likely it is to increase conservation behaviours, though these studies were also limited 
in their ability to infer causality (Collado et al., 2013, Martin et al., 2020). This highlights the 
need for further research using experimental designs to determine whether longer periods of 
exposure to nature changes the level of engagement in pro-environmental behaviours.  
The self-report survey is likely to have left the current study vulnerable to responses 
influenced by social desirability bias. Nevertheless, there remains evidence that behaviours are a 
direct reflection of attitudes—it is likely the cost of the associated behaviour that may act as a 
barrier to actually engaging in it (Kaiser et al., 2010). As such, we remain confident in our 
methodological approach and see the opportunity to explore attitudes and behaviours further. We 
know that there is a gap between pro-environmental intentions and actions—even people with a 
very strong connection to nature may not engage in pro-environmental behaviours despite stating 
their intentions to do so (Fien et al., 2002; Richardson et al., 2019). It is therefore important to 
consider other factors that may affect an individual’s likelihood to engage in pro-environmental 
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behaviours. Stern (2000) believes that it is a belief about an individual’s own ability to take 
action, or agency, which is key to mediating the relationship between environmental attitudes 
and behaviours. Therefore, future research should consider the role of children’s sense of agency 
and whether this bridges the gap between pro-environmental intentions and actions.  
We would like to acknowledge two more limitations of the study. Firstly, the measure of 
amount of time spent in nature simply asked if the children spent time outdoors when at home 
and at school. It was not a measure of the type of activity—whether it was nature related or 
otherwise. The type of nature activity is likely to be an important factor to explore given it can 
affect the level of connection to nature as well as the likelihood of engaging in pro-
environmental behaviours (Cooper et al., 2015). Secondly, the schools registered their interest to 
be in the study and those that chose to participate may have done so due to a pre-existing interest 
in the environment. Given that the results showed relatively high average levels of nature 
connectedness and pro-environmental behaviours the results may not be generalisable to children 
in contexts that place very minimal attention on the environment and nature more broadly. A 
number of studies have looked at the frequency of engagement in and type of nature activity 
during their childhood (Pensini et al., 2016; Rosa et al., 2018; 2019). Whilst these studies arrived 
at similar results, they used adult retrospective accounts. These accounts rely on memory which 
leaves them vulnerable to misinformation and exaggerations. To avoid these limitations, future 
research in this area should utilise a longitudinal study design where the type of activity is 
accounted for, and the duration and frequency of activity is measured. From this, we may be able 
to determine what kind of activity leads to the greatest connection to nature or more pro-
environmental behaviours, and how frequently children should be participating in nature 
activities to do so.  
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Our final consideration is not so much a specific limitation of the current study, rather a 
limitation and an inherent problem within this field of research. With regards to the concept of 
nature connectedness, there is a lack of a clear and consistent definition across the literature 
(Giusti et al., 2018; Ives et al., 2017). Ives et al. found varied definitions of nature connectedness 
whilst many studies failed to define what nature even is.  However, something studies all had in 
common was the focus on Western cultures. This highlights the need for operationalisation and 
standardisation of the concept of nature connectedness that will improve the quality and 
generalisability of the results, at least within a Western context.  
Regardless of the limitations, the current study supports findings from a growing body of 
research that have determined the importance of childhood nature experiences in encouraging 
pro-environmental behaviours (Barrera-Hernández et al., 2020; Chawla, 2007; Molinario et al., 
2020).  Therefore, the current study has helped to further advance the research in the expanding 
field of environmental psychology.  
Conclusion 
This study set out to explore how nature connectedness influences children’s pro-
environmental behaviours as a result of spending time in nature. Overall, the results suggest 
formation of connectedness to nature is a critical mechanism by which time in nature translates 
into environmental action. We see a number of parallels between our results and past research in 
this field with evidence supporting the framework developed by Giusti et al. (2018) where 
children must be in and with nature before they act for nature. Similarly, the results support 
Schultz’s (2002) three components that encourage environmentally positive behaviours of caring, 
connectedness and commitment. We predicted that teachers would play an important part in 
strengthening that relationship. Whilst the results did not fully confirm this, there was some 
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support that role models who have a strong connection to nature play an important part in 
consolidating children’s connectedness to nature. Something as simple as spending time in nature 
as a child, during class or while at home, may help to create adults who have a deep care for and 
a desire to protect nature. The evidence provided here can aid in the development of 
environmental education programs that maximise their effectiveness in creating future agents of 
positive environmental change. We have also emphasised the importance of nature engagement 
during younger childhood, and this also highlights the need for future research into the period of 
later child and adolescent decline in nature connectedness.  
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Appendix 1: Student Survey Questions  
Upper Primary Survey Questions 
How old are you? 
What is your year level? 
Gender 
Would you describe yourself as? (Australian, Aboriginal or Torres Strait islander etc.) 
State you live in 
Suburb where you live 
I play outdoors when at home 
I play outdoors when I'm here 
I like it when we do classwork outside 
I feel happy when I'm outside 
I like touching animals and plants 
I like playing outside 
I feel that being in nature is important to me 
I feel that I am part of nature 
I don't think that we can live without plants and animals 
I like listening to birds 
I like looking at plants and flowers 
I like working and playing  in the garden 
I like collecting rocks or shells 
I like being outside because it makes me feel calm 
I think nature is beautiful 
I feel that nature is amazing 
I feel sad when animals are hurt 
I feel that looking after plants and animals is important 
I feel happy when animals have a clean home 
I do things to help nature 
I pick up rubbish 
I try not to hurt plants and animals 
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Lower Primary Survey Questions 
How old are you? 
Are you a girl or boy? 
I play outdoors when at home 
I play outdoors when I'm here 
I like it when we do classwork outside 
I feel happy when I'm outside 
I like touching animals and plants 
I like playing outside 
I like listening to birds  
I like looking at plants and flowers  
I like working and playing in the garden 
I like collecting rocks or shells  
I like being outside because it makes me feel calm 
I feel sad when animals are hurt  
I think that looking after plants and animals is important 
I feel happy when animals have a clean home  
I pick up rubbish  
I try not to hurt plants and animals 
I turn off the lights at home when they are not needed 
I help with the recycling at home 
I try not to waste water 
 
  
I turn off the lights at home 
I help with the recycling at home 
I try not to waste water 
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Appendix 2: Connection to Nature Index 
Original items from the Connection to Nature Index (Cheng & Monroe, 2012).  
I like to hear different sounds in nature 
I like to see wild flowers in nature 
When I feel sad, I like to go outside 
Being in the natural environment makes me feel peaceful  
I like to garden 
Collecting rocks and shells is fun 
Being outdoors makes me happy 
I feel sad when wild animals are hurt 
I like to see wild animals living in a clean environment 
I enjoy touching animals and plants 
Taking care of animals is important to me 
Humans are part of the natural world 
People cannot live without plants and animals 
My actions will make the natural world different 
Picking up trash on the ground can help the environment 
People do not have the right to change the natural environment 
 
